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1
FOUR-WAY SWITCHING VALVE

CROSS-REFERENCES TO RELATED
APPLICATTIONS, IF ANY

This application claims priority of Japanese Application
No. 2002-044183 filed Feb. 21, 2002 and entitled “Four-

Way Switching Valve”.

(1) Field of the Invention

This 1nvention relates to a four-way switching valve, and
more particularly to a four-way switching valve which
carries out switching of refrigerant lines e.g. 1n a heat
pump-type heating and cooling system for an automotive
vehicle when the system 1s switched between a cooling
operation mode and a heating operation mode.

(2) Description of the Related Art

In a heating and cooling system for an automotive vehicle,
a refrigeration cycle 1s employed when cooling operation 1s
performed, and engine coolant 1s used as a heat source when
heating operation 1s performed. Recently, however, due to
the improvement in combustion efficiency of the engine, the
temperature of the coolant does not rise high enough to
obtain sufficient heating temperature in winter. For this
reason, there 1s an increasing need for a system which can
perform both cooling and heating. In a heating and cooling,
system of this kind, it 1s necessary to reverse the direction of
flow of refrigerant flowing through an indoor heat exchanger
and an outdoor heat exchanger, as the system 1s switched
between cooling and heating operations. It 1s a four-way
switching valve that switches the direction of flow of the
refrigerant.

FIG. 10 1s a diagram showing the arrangement of a
heating and cooling system using the four-way switching
valve.

The heating and cooling system 1s comprised of a com-
pressor 101, a four-way switching valve 102, an outdoor
heat exchanger 103, a pressure-reducing device 104, an
indoor heat exchanger 105, and an accumulator 106. The
four-way switching valve 102 has four ports A to D. The port
A 1s connected to a delivery side of the compressor 101, the
port B to the outdoor heat exchanger 103, the port C to the
indoor heat exchanger 105, and the port D to the accumu-

lator 106.

During cooling operation, the four-way switching valve
102 1s switched such that the port A and the port B are
communicated with each other and the port C and the port
D are communicated with each other, as indicated by solid
lines 1n the figure. Therefore, a high-temperature and high-
pressure refrigerant compressed by the compressor 101
flows 1nto the port A of the four-way switching valve 102,
and sent from the port B to the outdoor heat exchanger 103,
where the refrigerant 1s caused to undergo heat exchange to
be condensed or cooled, and then adiabatically expanded to
a low-temperature and low-pressure refrigerant by the
pressure-reducing device 104. The indoor heat exchanger
105 causes the low-temperature and low-pressure refrigerant
to exchange heat with warm air 1in the compartment to
evaporate. Then, the refrigerant flows through the port C and
the port D of the four-way switching valve 102 to enter the
accumulator 106, where 1t undergoes gas/liquid separation,
and the refrigerant gas 1s returned to the compressor 101.

On the other hand, during heating operation, the four-way
switching valve 102 1s switched such that the port A and the
port C are communicated with each other and the port B and
the port D are communicated with each other, as indicated
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by broken lines in the figure. Therefore, the high-
temperature and high-pressure refrigerant compressed by
the compressor 101 flows through the port A and the port C
of the four-way switching valve 102 to enter the indoor heat
exchanger 105, where the refrigerant exchanges heat with
cool air 1n the compartment to heat the same. The refrigerant
condensed or cooled by the mmdoor heat exchanger 105 is
adiabatically expanded to the low-temperature and low-
pressure refrigerant by the pressure-reducing device 104.
Then, the refrigerant undergoes heat exchange at the outdoor
heat exchanger 103 to evaporate, and then passes through
the port B and the port D of the four-way switching valve
102 to flow 1nto the accumulator 106, where the refrigerant
1s separated 1nto gas and liquid, followed by returning to the
compressor 101.

As described above, the four-way switching valve 102 can
switch the operation mode of the heating and cooling
system, by switching the flow path of refrigerant.

As the four-way switching valve 102, there 1s one pro-
posed 1n Japanese Patent Application No. 2001-268492 by
the present applicant. This four-way switching valve 1is
comprised of a first plug for switching the communication of
the port B leading to the outdoor heat exchanger 103 such
that the port B 1s communicated with the port A to which
high-pressure refrigerant 1s introduced or with the port D
from which low-pressure refrigerant 1s sent out, a second
plug for switching the communication of the port C leading
to the 1ndoor heat exchanger 105 such that the port C 1is
communicated with the port A into which the high-pressure
refrigerant 1s introduced or with the port D from which the
low-pressure refrigerant i1s sent out, first and second pistons
for actuating these first and second plugs to perform switch-
ing operation, and a three-way solenoid valve for switching
pressure 1n pressure control chambers for the first and
second pistons between high pressure and low pressure.

This enables the three-way solenoid valve to switch the
communication of the pressure control chamber for the first
or second piston such that the pressure control chamber 1is
communicated with the port A into which the high-pressure
fluid 1s introduced or with the port D from which the
low-pressure fluid 1s sent out, thereby making 1t possible to
switch between a first state 1n which the port A 1s commu-
nicated with the port B, and the port C 1s communicated with
the port D, and a second state in which the port A 1is
communicated with the port C, and the port B 1s commu-
nicated with the port D.

The conventional three-way solenoid valve for the four-
way switching valve 1s configured such that balls forming
valve elements are secured to axially both end faces of a
plunger which 1s reciprocatingly moved within a sleeve, and
valve seats are formed on a core side and a casing side 1n a
manner opposed to these balls, respectively, and the sleeve
ouides the plunger when either ball 1s seated on an associ-
ated one of the valve seats. However, the sleeve accommo-
dating the plunger in a reciprocatingly movable fashion is
brazed to the casing to ensure gastightness, and this some-
fimes results 1n non-concentricity between the ball secured
to the plunger and the valve seat formed in the casing,
making the sealing of the valve portion msufficient when the
valve 1s closed.

One possible method to cope with this inconvenience 1s to
provide a certain gap between the sleeve and the plunger,
such that when the ball 1s seated on the associated valve seat,
if the ball abuts on an opening edge of a valve hole 1n a state
out of concentricity, self-centering 1s effected by the ball
moving following the opening edge of the valve hole.
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However, when the switching operation 1s performed by
energization of the coil, the plunger 1s sometimes seated on
the valve seat provided on the core side, 1n a state attracted
to the sleeve, which causes the non-concentricity, to the
contrary, and an indentation can be formed on the opening
edge of the valve hole by the ball, which makes the sealing
of the valve portion msufficient when the valve 1s closed.

SUMMARY OF THE INVENTION

The present mvention has been made in view of these
points, and an object thereof 1s to provide a four-way
solenoid valve having a three-way solenoid valve of which
non-concentricity between a valve element and a valve hole
1s small, 1f any.

To solve the above problem, the present invention pro-
vides a four-way switching valve mcluding a first plug and
a second plug arranged 1n a first cylinder and a second
cylinder formed 1n a body in parallel with each other,
respectively, such that the first plug and the second plug are
capable of axial reciprocating motion, the first plug and the
second plug each having axially both ends forming valve
clements and performing switching of fluid passages, a first
piston and a second piston for actuating the first plug and the
second plug, respectively, and a three-way solenoid valve
causing a pressure control chamber for the first piston to be
selectively communicated with a space mto which high-
pressure fluid 1s introduced or a space mnto which low-
pressure fluid 1s introduced, characterized 1n that the three-
way solenoid valve comprises a first valve element and a
second valve element arranged 1n an axial direction of a
plunger as respective two separate parts, for reciprocating,
motion, a first valve seat having a guide for guiding said first
valve element and a valve hole concentric with said guide
both arranged at respective axial positions of the plunger,
and a second valve seat having a guide for guiding said
second valve element and a valve hole concentric with said
ouide both arranged at respective axial positions of the
plunger.

According to this four-way switching valve, the valve
clement of three-way solenoid valve 1s divided m two
separate valve elements, and valve seats associated with the
respective valve elements are each formed by a single
component having a guide for guiding the valve element and
a valve hole concentric with the guide. This causes the
scating of the valve element to be performed by the guiding
of the guide, thereby preventing each valve element and the
valve hole associated therewith from becoming non-
concentric when the valve element 1s seated, and hence, no
defective sealing occurs when the valve 1s closed.

The above and other objects, features and advantages of
the present mvention will become apparent from the fol-
lowing description when taken 1n conjunction with the
accompanying drawings which 1llustrate preferred embodi-
ments of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitudinal sectional view of a four-way
switching valve according to a first embodiment of the

invention, 1n a switching position taken when 1its solenoid 1s
OFF.

FIG. 2 1s a longitudinal cross-sectional view showing a
solenoid valve 1n detail.

FIG. 3 1s a longitudinal cross-sectional view showing a
plug formed integrally with the solenoid valve on an
enlarged scale 1n detail.
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FIG. 4 1s a longitudinal sectional view showing the
four-way switching valve according to the first embodiment

of the i1nvention, 1n a switching position taken when its
solenoid 1s ON.

FIG. 5 1s a longitudinal sectional view of a four-way
switching valve according to a second embodiment of the

invention, 1n a switching position taken when 1its solenoid 1s
OFF.

FIG. 6 1s a longitudinal sectional view of a four-way
switching valve according to a third embodiment of the
invention, 1n a switching position taken when 1its solenoid 1s

OFF.

FIG. 7 1s a longitudinal sectional view showing the
four-way switching valve according to the third embodiment

of the imvention, 1n a switching position taken when its
solenoid 1s ON.

FIG. 8 1s a longitudinal sectional view of a four-way
switching valve according to a fourth embodiment of the
invention, 1n a switching position taken when its solenoid 1s

OFF.

FIG. 9 1s a longitudinal sectional view showing the
four-way switching valve according to the fourth embodi-

ment of the mnvention, 1n a switching position taken when its
solenoid 1s ON.

FIG. 10 1s a diagram showing the arrangement of a
heating and cooling system using a four-way switching
valve.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described 1n detail with reference to drawings, by taking,
as an example, a case of the present invention being applied
to a heat pump-type heating and cooling system for an
automotive vehicle.

FIG. 1 1s a longitudinal sectional view of the four-way
switching valve according to a first embodiment of the
invention, 1n a switching position taken when 1its solenoid 1s
OFF. FIG. 2 1s a longitudinal cross-sectional view showing,
details of a solenoid valve. FIG. 3 1s a longitudinal cross-
sectional view showing a plug integrally formed with the
solenoid valve on an enlarged scale 1n detail, and FIG. 4 1s
a longitudinal sectional view of the four-way switching
valve according to the first embodiment of the mnvention, 1n
a switching position taken when its solenoid 1s ON.

To implement the four-way switching valve, 1n the heat
pump-type heating and cooling system, a port A formed 1n
a body 1 1s connected to piping for receiving a high-pressure
refrigerant delivered from a compressor, a port B 1s con-
nected to piping which leads to an external heat exchanger,
a port C 1s connected to piping which leads to an internal
heat exchanger, and a port D 1s connected to low-pressure
refrigerant piping which leads to the suction side of the
COMPIessor.

The four-way switching valve has the body 1 having two
cylinders formed therein. In the two cylinders, a plug 2 and
a piston 3, and a plug 4 and a piston 5 are arranged,
respectively, 1n parallel with each other, such that they can
reciprocate 1n a vertical direction as viewed 1n the figures.
Portions of the cylinders above the pistons 3, 5 are closed by
a plug 6 and a cap 7, respectively, to define pressure control
chambers 8 and 9, between the plug 6 and the piston 3, and
between the cap 7 and the piston 3, respectively. The pistons
3 and 5 are integrally formed with axially extending shafts
whose ends are 1n abutment with upper surfaces of the plugs



US 6,360,294 B2

S

2 and 4, respectively. The plugs 2 and 4 are urged by springs
10 and 11, upward as viewed 1n the figure, respectively.

The plugs 2 and 4 each have portions serving as valve
clements on axially both sides thereof. Annular projections,
which are integrally formed with the body 1 in a manner
protruding 1nto respective intermediate portions of passages
communicating the port A with the ports C, B, form valve
scats on which the plugs 2 and 4 are seated when the plugs
2 and 4 move downward as viewed 1n the figures. Further,
plugs 12, 13 fitted 1n respective intermediate portions of
passages communicating the ports C, B with the port D,
form valve seats on which the plugs 2 and 4 are seated when
the plugs 2 and 4 move upward as viewed 1n the figures.
These plugs 2, 4 have seal rings 14, 15 fitted on portions
thereof via which they are seated on the valve seats.

Thus, the 1nside of the body 1 of the four-way switching
valve 1s constructed as a combination of a three-way switch-
ing valve that switches to cause the port B to communicate
with the port A or the port D, and a three-way switching,
valve that switches to cause the port C to communicate the
port A or the port D.

A space communicating with the port B 1s connected to
the pressure control chamber 9 via a tube 16 such that the
space communicates with the chamber 9. Further, the four-
way switching valve includes a three-way solenoid valve 18
for selectively causing the pressure control chamber 8 to
communicate with either a space communicating with the
port A mto which the high-pressure refrigerant is introduced
or with a space communicating via a tube 17 with the port
D from which the low-pressure refrigerant is sent out.

The three-way solenoid valve 18 includes, as shown in
FIG. 2, a core 20 fixed to a sleeve 19 1in a manner closing an
upper end of the sleeve 19, a plunger 21 arranged in a
manner capable of axial reciprocating motion within the
sleeve 19, a coil 22 arranged outside the sleeve 19, a yoke
23 arranged outside the coil 22, and a spring 24 arranged
between the core 20 and the plunger 21. The core 20 1s
formed with a refrigerant passage axially extending
therethrough, and an annular projection forming a valve seat
1s 1ntegrally formed therewith at an intermediate portion of
the refrigerant passage. The refrigerant passage extending
through the core 20 has an upper end opening thercof
connected via the tube 17 to the low-pressure chamber
communicating with the port D.

Within the refrigerant passage of the core 20, a needle 25
forming a valve element 1s arranged opposed to the annular
projection from below, as viewed in the figure, 1n a manner
capable of axial reciprocating motion. The core 20 causes a
portion having the needle 25 arranged therein to act as a
ouide along which the needle 25 performs reciprocating
motion. The guide 1s thus configured to be integrally formed
with the annular projection forming the valve seat, such that
the guide and the annular projection are formed in one
component, whereby the needle 25 1s arranged substantially
concentric with respect to the valve hole formed 1n the center
of the annular projection. The needle 25 has a lower end
thereof inserted into a hole axially formed through the
plunger 21, and when the valve 1s opened, the needle 25 1s
latched by a stopper 26 fitted 1n an upper end opening of the
hole of the plunger 21 and caused to move downward.

Further, a needle 27 1s arranged within the hole axially
extending through the plunger 21, in a manner capable of
axial reciprocating motion. The needle 27 1s held by an
annular projection integrally formed with the plunger 21 1n
a manner protruding 1nto an intermediate portion of the hole,
thereby bemng prevented from moving out of the hole.
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Further, the needle 25 and the needle 27 are urged by a
spring 28 1nterposed therebetween, 1 respective axially
opposite outward directions.

The needle 27 has a lower end thereof arranged in a
manner opposed to a valve seat formed on the plug 6. The
plug 6 1s formed with a hollow cylindrical projection extend-
ing from an upper end face thereof, for guiding the needle
27, and a valve hole formed coaxially with the projection.
This valve hole 1s communicated with a passage 29 extend-
ing from a peripheral surface of the plug 6, and the passage
29 1s communicated with a high-pressure passage 30 formed
through the body 1 such that the high-pressure passage
communicates with the port A. Further, a lower end of the
sleeve 19 1s welded to the plug 6, and a passage 31
communicating with the pressure control chamber 8 1is
formed through the plug 6.

This plug 6 1s, as shown 1n detail in FIG. 3, 1s fitted via
a gasket 32 1n an upper end opening of one of the cylinders
formed 1n the body 1, and an opening at an end of the
passage 29 communicating with the valve hole 1s provided
with a hollow cylindrical strainer 33, for preventing foreign
matters contained in the refrigerant from flowing to the
needle valve.

Further, the four-way switching valve has a heat-
insulating sleeve 34 provided 1nside the passage mto which
the high-temperature high-pressure refrigerant is introduced,
and heat-insulating sleeves 35,36 provided inside the cylin-
ders 1n which the plugs 2, 4 are arranged, thereby suppress-
ing heat conduction via the body to the space communicat-
ing with the low-temperature low-pressure port D.

In the four-way switching valve constructed as above,
when the three-way solenoid valve 18 is in a deenergized
state, 1.e. when 1ts solenoid 1s OFFE, as shown 1n FIG. 1, the
plunger 21 of the three-way solenoid valve 18 1s urged by the
spring 24 and moved downward, as viewed 1n the figures,
whereby the upper needle 25 1s pulled downward by the
stopper 26 fitted 1n the plunger 21, while the lower plunger
27 1s urged downward by the spring 28 provided in the
plunger 21, to be thereby seated on the valve seat formed 1n
the plug 6. Thus, the three-way solenoid valve 18 causes the
pressure control chamber 8 to be communicated with the
low-pressure port D via the passage 31 formed through the
plug 6, respective grooves longitudinally formed on the
outer peripheries of the plunger 21 and the core 20, a passage
extending from a peripheral surface of the core 20 to a space
on the needle 25 side of the annular projection forming the
valve seat, the valve hole formed 1n the center of the annular
projection, the refrigerant passage in the core 20, and the
tube 17, and the lower needle 27 blocks the passage 29
communicated with the space of the high-pressure port A.

At this time, the pressure within the pressure control
chamber 8 1s reduced since 1t 1s communicated with the
space of the low-pressure port D, via the three-way solenoid
valve 18, while the port A 1s supplied with the high-pressure
refrigerant. This causes the plug 2 and the piston 3 to be
pushed and moved upward as viewed 1n the figures, whereby
the plug 2 1s seated on the plug 12 and at the same time
moved away from the annular projection of the body 1.
While this increases the pressure 1n the space 1 which the
plug 2 1s arranged, the pressure 1n the pressure control
chamber 9 1s also made as high as that in the space due to
supply of the high pressure thereof via the tube 16. This
causes the piston § having a larger pressure-receiving arca
than that of the plug 4 to be pushed and moved downward
as viewed 1n the figures, whereby the plug 4 1s seated on the
annular projection of the body 1 and at the same time moved
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away from the plug 13. As a result, the port A 1s commu-
nicated with the port B, and the port C 1s communicated with
the port D. In other words, the heating and cooling system
for an automotive vehicle 1s placed 1 a cooling operation
mode 1n which the high-pressure refrigerant delivered from
the compressor and received via the port A 1s allowed to tlow
from the port B to the external heat exchanger, and the
refrigerant delivered from the internal heat exchanger and
received via the port C 1s allowed to tlow from the port D to

the compressor.

Next, when the solenoid 1s turned ON, as shown 1n FIG.
4, the three-way solenoid valve 18 has the plunger 21 thereot
attracted to the core 20 against the urging force of the spring
24, so that the upper needle 25 1s pushed upward by the
spring 28 arranged within the plunger 21 and seated 1n the
valve seat formed 1n the core 20, while the lower needle 27
has its flange at an upper end thereof latched by the annular
projection formed 1n the plunger 21 to be thereby moved
upward. Thus, the three-way solenoid valve 18 blocks the
tube 17 communicating with the low-pressure space, and
causes the pressure control chamber 8 to be communicated
with the space of the high-pressure port A via the passage 31
of the plug 6, a passage extending a peripheral surface of the
hollow cylindrical projection for guiding the needle 27 to the
space formed on the needle 27 side of the portion forming
the valve seat, the valve hole, the passage 29, and the
high-pressure passage 30.

Due to imtroduction of the high-pressure refrigerant into
the pressure control chamber 8, the piston 3 1s pushed and
moved downward as viewed 1n the figures. At the same time,
the plug 2 as well 1s pushed and moved downward to be
inserted 1nto the valve hole communicating with the passage
for the high-pressure refrigerant, so that the pressure in the
space 1 which the plug 2 1s arranged 1s reduced. Simulta-
ncously with this, the pressure in the pressure control
chamber 9 1s also reduced via the tube 16, so that the plug
4 and the piston 5 are moved upward, as viewed 1n the
figures, by the high-pressure refrigerant introduced from the
port A. In due time, the plug 2 1s seated on the associated
annular projection formed 1n the body 1, and at the same
fime moved away from the plug 12, while the plug 4 is
moved away from the associated annular projection formed
in the body 1 and seated on the plug 13. As a result, the port
A 1s communicated with the port C, and the port B 1s
communicated with the port D. In other words, the heating
and cooling system for an automotive vehicle 1s switched to
a heating operation mode 1n which the high-pressure refrig-
erant delivered from the compressor and received via the
port A 1s allowed to flow from the port C to the internal heat
exchanger, and the refrigerant delivered from the external
heat exchanger and received via the port B 1s allowed to tlow
from the port D to the compressor.

FIG. § 1s a longitudinal sectional view of a four-way
switching valve according to a second embodiment of the
invention, 1n a switching position taken when its solenoid 1s
OFF. It should be noted that in FIG. 5, component parts and
clements similar or equivalent to those of the four-way
switching valve shown 1n FIG. 1 are designated by identical
reference numerals, and detailed description thereof 1s omit-
ted.

The four-way switching valve according to the second
embodiment 1s distinguished from the four-way switching
valve according to the first embodiment in 1its further
enhanced heat msulating effects. That 1s, a heat-insulating
sleeve 34a formed of a material having a low thermal
conductivity, e.g. a resin 1s arranged 1nside the passage via
which the high-temperature high-pressure refrigerant 1s
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introduced from the port A, and heat-insulating sleeves 3354,
36a similarly formed of the resin are arranged inside the
cylinders 1n which the plugs 2, 4 are arranged. Further,
heat-msulating sleeves 37, 38 similarly formed of the resin
are arranged 1nside the cylinders in which the pistons 3, 5 are
arranged. These heat-insulating sleeves 37, 38 integrate the
functions of the plugs 12, 13 of the four-way switching valve
according to the first embodiment.

This thermally insulates the inside of the passage into
which the high-temperature high-pressure refrigerant 1s
introduced from the port A and the two cylinders, from the
body 1, thereby suppressing transfer of heat of the refrig-
erant introduced from the port A to the low-temperature
refrigerant flowing through the port D. This makes 1t pos-
sible to reduce heat loss within the four-way switching valve

The four-way switching valve constructed above operates
similarly to that according to the first embodiment, when its
solenoid 1s turned ON or Off.

FIG. 6 1s a longitudinal sectional view of a four-way
switching valve according to a third embodiment of the
invention, 1n a switching position taken when its solenoid 1s
OFF. FIG. 7 1s a longitudinal sectional view of the four-way
switching valve according to the third embodiment of the
invention, 1n a switching position taken when its solenoid 1s
ON. It should be noted that in FIGS. 6 and 7, component
parts and elements similar or equivalent to those of the
four-way switching valve shown m FIG. 1 are designated by
identical reference numerals, and detailed description
thereof 1s omitted.

The four-way switching valve according to the third
embodiment 1s distinguished from that according to the first
embodiment 1n that the construction of the three-way sole-
noid valve 18 1s modified. That 1s, the three-way solenoid
valve 18 of the four-way switching valve urges the needles
25, 27 as two separate members and the plunger 21 by a
single spring 40.

The needles 25, 27 are arranged such that respective
opposed end faces thereof are 1n contact with each other, and
the spring 40 1s arranged between the flange of the needle 25
and the core 20. The spring 40 urges the upper needle 25 1n
a direction away from the valve seat associated therewith,
and the upper necedle 25 urges the lower needle 27 in a
direction of seating the needle 27 on the valve seat associ-
ated therewith. Further, the lower needle 27 urges the
plunger 21 latched by the flange thereof in a direction away
from the core 20. This makes it possible to mtegrate the two
springs 24, 28 of the three-way solenoid valve 18 of the
four-way switching valve according to the first embodiment
into the single spring 40, and dispense with the stopper 26
for pulling the upper needle 25 downward according to the

downward motion of the plunger 21, whereby the cost can
be reduced.

In this three-way solenoid valve 18 as well, the valve
clement 1s formed by the two separate parts, 1.€. the needles
25, 27, and valve seats and valve holes respectively asso-
ciated with the needles 25, 27, and members for guiding the
needles 25, 27 1n a direction toward and away from the valve
seats are formed by respective single components (core 20,
plug 6), whereby the needles 25, 27 and their valve seats can
be arranged substantially on the same axis.

In the four-way switching valve constructed as above,
when the three-way solenoid valve 18 1s in a deenergized
state, 1.e. when 1ts solenoid 1s OFFE, as shown 1n FIG. 6, the
plunger 21 of the three-way solenoid valve 18 1s urged by the
spring 40 and moved downward, as viewed 1n the figure,
whereby the upper needle 25 1s moved away from the valve
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scat associated therewith, while the lower plunger 27 1is
seated on the valve seat associated therewith. Thus, the
three-way solenoid valve 18 causes the pressure control
chamber 8 to be communicated with the low-pressure port D
via the tube 17, and disconnected from the high-pressure
port A.

This causes the plug 2 to be pushed upward by the
high-pressure refrigerant introduced into the port A, and
thereby seated on the plug 12 to establish communication
between the port A and the port B, and block communication
between the port B and the port D. At the same time, the
high-pressure refrigerant 1s introduced into the pressure
control chamber 9 via the tube 16, whereby the piston 5
causes the plug 4 to be pushed downward and seated on the
valve seat formed 1n the body 1 to establish communication
between the port C and the port D, and block communication
between the port C and the port A. Thus, the heating and
cooling system for an automotive vehicle 1s placed 1n the
cooling operation mode 1n which the high-pressure refrig-
erant delivered from the compressor and received via the
port A 1s allowed to flow from the port B to the external heat
exchanger, and the refrigerant delivered from the internal
heat exchanger and received via the port C 1s allowed to flow
from the port D to the compressor.

Next, when the solenoid 1s turned ON, as shown 1n FIG.
7, the three-way solenoid valve 18 has the plunger 21 thereot
attracted to the core 20 against the urging force of the spring
40, so that the upper needle 25 blocks the passage to the tube
17, while the lower needle 27 opens to introduce the
high-pressure refrigerant into the pressure control chamber

8.

Due to imtroduction of the high-pressure refrigerant into
the pressure control chamber 8, the piston 3 causes the plug
2 to be pushed downward and seated on the valve seat
formed 1n the valve body 1 to block the communication
between the port A and the port B and establish communi-
cation between the port B and the port D. Further, the
pressure 1n the pressure control chamber 9 1s reduced via the
tube 16, so that the high-pressure refrigerant introduced
from the port A causes the plug 4 to be moved upward and
scated on the plug 13, to thereby establish communication
between the port C and the port A, and block communication
between the port C and the port D. Thus, the heating and
cooling system for an automotive vehicle 1s switched to the
heating operation mode 1n which the high-pressure refrig-
erant delivered from the compressor and received via the
port A 1s allowed to flow from the port C to the internal heat
exchanger, and the refrigerant delivered from the external
heat exchanger and received via the port B 1s allowed to flow
from the port D to the compressor.

FIG. 8 1s a longitudinal sectional view of a four-way
switching valve according to a fourth embodiment of the
invention, 1n a switching position taken when its solenoid 1s
OFF. FIG. 9 1s a longitudinal sectional view of the four-way
switching valve according to the fourth embodiment of the
invention, 1n a switching position taken when its solenoid 1s
ON. It should be noted that in FIGS. 8 and 9, component
parts and elements similar or equivalent to those of the
four-way switching valve shown in FIG. 1 are designated by
identical reference numerals, and detailed description
thereof 1s omitted.

The four-way switching valve according to the fourth
embodiment 1s distinguished from that according to the first
embodiment in that the three-way solenoid valve 18 1is
configured such that the plunger 21 1s divided into two
separate portions which are caused to have the functions of
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the needles 25, 27, respectively, and are urged by a single
spring, and at the same time, a guide having a valve seat and
a valve hole 1s held from the inside, instead of being held
from the outside. More specifically, a plug 41 serving as a
cguide and a valve seat 1s fitted 1n an lower end opening of
the refrigerant passage of the core 20. This plug 41 1s made
from a non-magnetic material, thereby preventing attraction
characteristics of the core 20 from being changed due to a
change in the shape thereof. Arranged below the core 20 1s
a plunger 42 1n a manner capable of axial reciprocating
motion with the plug 41 as the guide. The plunger 42 has a
conical projection forming a valve element opposed to a
lower end face of the plug 41. Interposed between the
plunger 42 and the core 20 i1s a spring 43 for urging the
plunger 42 1n a direction away from the plug 41. Arranged
below the plunger 42 1s a plunger 44 which 1s capable of
axial reciprocating motion using a hollow cylindrical pro-
jection formed on the plug 6 as the guide. The hollow
cylindrical projection of the plug 6 has a valve seat formed
on an upper end face thercof, and a conical projection is
integrally formed with the plunger 44 such that the projec-
tion forms the valve element opposed to the valve seat.

In the four-way switching valve constructed as above,
when the three-way solenoid valve 18 is in a deenergized
state, 1.e. when 1ts solenoid 1s OFFE, as shown 1n FIG. 8, the
plungers 42, 44 of the three-way solenoid valve 18 are urged
by the spring 43, whereby they are moved downward as
viewed 1n the figure, while being guided by the plug 41 and
the hollow cylindrical projection of the plug 6. This causes
the conical projection on the upper plunger 42 to be moved
away from the valve seat of the plug 41, while the lower
plunger 44 1s seated on the valve seat of the hollow cylin-
drical projection formed on the plug 6. Thus, the three-way
solenoid valve 18 causes the pressure control chamber 8 to
be communicated with the low-pressure port D via the tube
17, and disconnected from the high-pressure port A.

This causes the plug 2 to be pushed upward by the
high-pressure refrigerant introduced into the port A, and
scated on the plug 12 to establish communication between
the port A and the port B, and block communication between
the port B and the port D. At the same time, the high-
pressure refrigerant 1s introduced into the pressure control
chamber 9 via the tube 16, whereby the piston § causes the
plug 4 to be pushed downward and seated on the valve seat
formed 1n the body 1 to establish communication between
the port C and the port D, and block communication between
the port C and the port A. Thus, the heating and cooling
system for an automotive vehicle i1s placed 1n the cooling
operation mode 1n which the high-pressure refrigerant deliv-
ered from the compressor and received via the port A 1s
allowed to flow from the port B to the external heat
exchanger, and the refrigerant delivered from the internal
heat exchanger and received via the port C 1s allowed to flow
from the port D to the compressor.

Next, when the solenoid 1s turned ON, as shown 1n FIG.
9, the three-way solenoid valve 18 has the plungers 42, 44
thereof attracted to the core 20 against the urging force of the
spring 43, so that the upper plunger 42 1s seated on the plug
41 to block the passage to the tube 17, while the lower
plunger 44 1s moved away from the valve seat associated
therewith to establish communication with the high-pressure
passage 30 to thereby introduce the high-pressure refrigerant
into the pressure control chamber 8.

Due to introduction of the high-pressure refrigerant into
the pressure control chamber 8, the piston 3 causes the plug
2 to be pushed downward and seated on the valve seat
formed 1n the valve body 1 to block the communication
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between the port A and the port B and establish communi-
cation between the port B and the port D. Further, the
pressure 1n the pressure control chamber 9 1s reduced via the
tube 16, so that the high-pressure refrigerant introduced
from the port A causes the plug 4 to be moved upward and
scated on the plug 13, to thereby establish communication
between the port C and the port A, and block communication
between the port C and the port D. Thus, the heating and
cooling system for an automotive vehicle 1s switched to the
heating operation mode 1n which the high-pressure refrig-
erant delivered from the compressor and received via the
port A 1s allowed to flow from the port C to the internal heat
exchanger, and the refrigerant delivered from the external
heat exchanger and received via the port B 1s allowed to tlow
from the port D to the compressor.

It should be noted that in the first to fourth embodiments
described above, the tube 16 1s employed to provide piping
between the space 1n which the plug 2 1s arranged and the
pressure control chamber 9, this 1s not limitative but a
refrigerant passage may be formed 1n a portion of the body
1 avoiding the ports A to D and the cylinders, for commu-
nication between the space 1 which the plug 2 1s arranged
and the pressure control chamber 9.

As described heretofore, according to the present
invention, a valve element operating by the action of a
plunger 1s divided in two separate valve elements, and a
valve seat assoclated with each valve element and a guide
for guiding the valve element when the valve element is
scated are formed integrally with each other, as a single
component. This makes 1t possible to form the valve hole
and the guide by a single component such that they are
substantially concentric. Therefore, when the valve element
1s seated, it 1s possible to guide the valve element 1n a state
in which the concentricity of the valve element with the
valve seat 1s maintained, thereby imparting sufficient sealing,
properties to the valve portion when the valve 1s closed.

In the configuration in which a spring is arranged between
the two separate valve elements, the valve closed state
clfected by seating of the valve 1s maintained by the urging
force of the spring, which makes it possible to absorb a
shock occurring when the valve i1s seated, whereby the
durability of the valve 1s improved.

The foregoing i1s considered as illustrative only of the
principles of the present invention. Further, wince numerous
modifications and changes will readily occur to those skilled
in the art, 1t 1s not desired to limit the 1nvention to the exact
construction and applications shown and described, and
accordingly, all suitable modifications and equivalents may
be regarded as falling within the scope of the mnvention in the
appended claims and their equivalents.

What 1s claimed 1s:

1. A four-way switching valve including a first plug and
a second plug arranged 1n a first cylinder and a second
cylinder formed 1n a body in parallel with each other,
respectively, such that the first plug and the second plug are
capable of axial reciprocating motion, the first plug and the
second plug each having axially both ends forming valve
clements and performing switching of fluid passages, a first
piston and a second piston for actuating the first plug and the
second plug, respectively, and a three-way solenoid valve
causing a pressure control chamber for the first piston to be
selectively communicated with a space mto which high-
pressure fluid 1s introduced or a space mnto which low-
pressure fluid 1s mtroduced,
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characterized 1n that:
the three-way solenoid valve comprises:
a first valve element and a second valve element arranged

in an axial direction of a plunger as respective two
separate parts, for reciprocating motion;

a first valve seat having a guide for guiding said first valve
clement and a valve hole concentric with said guide
both arranged at respective axial positions of the
plunger; and

a second valve seat having a guide for guiding said second
valve element and a valve hole concentric with said
oguide both arranged at respective axial positions of the
plunger.

2. The four-way switching valve according to claim 1,
wherein said first valve element and said second valve
element are formed as needles, and wherein said first valve
scat 1s 1ntegrally formed with a core, and wheremn said
second valve seat 1s mtegrally formed with a closing plug
that closes the first cylinder to define the pressure control
chamber between the first piston and itself.

3. The four-way switching valve according to claim 2,
wherein said first valve element and said second valve
clement have opposed ends thereof being positioned within
the plunger 1n a state 1n which axial motion thereof 1is
restricted such that when one of said first valve element and
sald second valve element 1s closed, the other of said first
valve element and said second valve element 1s open, and at
the same time, said first valve element and said second valve
clement are urged by a spring 1n axially outward directions.

4. The four-way switching valve according to claim 2,
wherein said first valve element and said second valve
clement have opposed ends thereof being positioned within
the plunger 1mn a state in which axial motion thereof is
restricted such that when said first valve element 1s closed,
said second valve element 1s open, and at the same time, are
urged 1n a direction of closing said second valve element by
a spring for urging the plunger 1n a direction away from said
Core.

5. The four-way switching valve according to claim 2,
wherein said closing plug has a strainer arranged in a portion
thereof opening to communicate with the valve hole of said
second valve seat.

6. The four-way switching valve according to claim 1,
wherein said first valve element and said second valve
clement are formed by a first plunger and a second plunger
as two separate members, and wherein said first valve seat
1s formed by a guide plug which 1s fitted 1n a fluid passage
formed at an axial position of a core such that said guide
plug guides said first plunger and has a valve hole at an axial
position thereof, and wheremn said second valve seat 1s
formed by a hollow cylindrical projection integrally formed
with a closing plug that closes the first cylinder to define a
pressure control chamber between the first piston and itself,
such that said hollow cylindrical projection protrudes in a
manner guiding said second plunger, and at the same time
having a valve hole at an axial position thereof.

7. The four-way switching valve according to claim 6,
wherein said closing plug has a strainer arranged 1n a portion
thereof opening to communicate with the valve hole of said
second valve seat.

8. The four-way switching valve according to claim 1,
wherein heat-insulating members are arranged inside the
fluid passages switched by the first plug and the second plug.
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